regiospecificity. 5 In this work, we have studied the transgalactosylation activity of a novel commercial 6 β-galactosidase preparation from Bacillus circulans (Biolactase TM ). A detailed kinetic study of 7 the reaction with lactose was performed, including the structural characterization of the 8 synthesized GOS. It is well reported that oligosaccharides formed by the same 9 monosaccharides with the same anomeric configuration, but differing in the glycosidic bonds 10 between them, exhibit different fermentation patterns. 7 
11
In addition, skim milk as lactose source was further investigated to assess the effect of 12 lactose concentration on transglycosylation and to explore the in situ formation of GOS in 13 dairy products.
14 coupled with pulsed amperometric detection (HPAEC-PAD) on a ICS3000 Dionex system 1 consisting of a SP gradient pump, an electrochemical detector with a gold working electrode 2 and Ag/AgCl as reference electrode, and an autosampler (model AS-HV). All eluents were 3 degassed by flushing with helium. A pellicular anion-exchange 4 x 250 mm Carbo-Pack PA-1 4 column (Dionex) connected to a 4 x 50 CarboPac PA-1 guard column was used at 30 °C. 5 Eluent preparation was performed with MilliQ water and 50% (w/v) NaOH (Sigma-Aldrich). 6 The initial mobile phase was 15 mM NaOH at 1.0 ml/min for 28 min. A gradient from 15 mM 7 to 200 mM NaOH was performed in 7 min at 1.0 ml/min, and 200 mM NaOH was maintained 8 for 25 min. In order to increase the sensitivity of the detector at low NaOH concentrations, a 9 Dionex PC10 postcolumn delivery system with 0.2 M NaOH was used at 96 psi. The peaks 10 were analyzed using Chromeleon software. Identification of the different carbohydrates was 11 done based on commercially available standards or purified in our laboratory as described in a 12 previous paper.
11 13 
14
Purification of GOS by semipreparative HILIC 15 For the isolation of unknown GOS in the mixture, the reaction was stopped when GOS yield Nuclear Magnetic Resonance (NMR) 11 The structure of the oligosaccharides was elucidated using a combination of 1D ( 1 H, by Biolactase using 400 g/l lactose and 1.5 U/ml (β-galactosidase activity towards ONPG), in 12 particular the selectivity of the bonds formed. It is well reported that the chemical structure of 11 circulans β-galactosidase. 28 Although the authors found significant differences in total GOS 12 yield, the structural analysis of the synthesized compounds was not reported. 13 The product specificity of B. circulans β-galactosidase contrasts with that of the K. 7 This value is in the upper range of GOS yields reported (40-45%), 8, 30, 31 and is similar to that 8 described for the isoform β-galactosidase-2 from B. circulans. 21 However, GOS yields are 9 generally lower than those reported for other related prebiotics such as fructooligosaccharides 10 (approx. 65%) using similar strategies.
32,33

11
The GOS concentration changes substantially with reaction time because GOS are 12 simultaneously synthesized and hydrolyzed by β-galactosidases. 3, 8 In consequence, the time at 13 which reaction is harvested has a crucial influence on GOS yield. 6 Although the concentration 14 of the two main transgalactosylation products (containing only β(1→4) bonds) reached a 15 maximum followed by a progressive decrease (Table 1) , the GOS production maintained based on their polymerization degree. It is worth noting that the remaining lactose at 400 h 24 was still high (23%) compared with similar processes using other glycosidic enzymes.
9,11,13
This effect could be caused by an inactivation of the β-galactosidase during the process. The 1 experiment depicted in Fig. 4 was carried out at 1.5 U/ml, which is a lower enzyme 2 concentration than the typically used with β-galactosidases (3-12 U/ml). 12, 13, 34 In fact, at (Fig. 4B ). lactose after 400 h using 1.5 U/ml seems to be related with the inactivation of the enzyme at 17 long reaction times.
18
To minimize the inactivation effect, we performed the GOS synthesis at 10-fold higher 19 enzyme concentration (15 U/ml). It has been widely reported that, working under kinetic 20 control conditions, enzyme concentration has no effect on the maximum GOS yield as long as 21 no enzyme inactivation takes place, 37 and it only exerts a marked influence on the reaction 22 time at which the maximum oligosaccharide concentration is achieved.
13,37
23 Fig. 6A shows that the maximum GOS production at 15 U/ml was achieved in 6.5 h, 24 with a yield of 198 g/l. This value corresponds to 49.4% (w/w) of total sugars (Table 2) , which is higher than the value obtained at 1.5 U/ml (165 g/l, 41.3%). Interestingly, the remaining 1 lactose at the end of the reaction (10 g/l, 2.5% of total carbohydrates) is significantly lower 2 than the obtained at 1.5 U/ml. This confirms that the stability of B. circulans β-galactosidase 3 is only moderate under typical GOS formation conditions; at 1.5 U/ml, the reaction is stopped 4 before reaching the final composition.
5 Table 2 summarizes the evolution of the sugar composition of the mixture with time. 6 Again the two major products were those with only β(1→4) bonds, but once formed they were 7 fastly hydrolyzed by the β-galactosidase, enriching the mixture with GOS that contained other 14 Most reports on treatment of milk with β-galactosidases focus on the hydrolytic 15 activity to obtain lactose-free products. that GOS accounted for 25% of total sugars in milk (quantified by paper chromatography) 6 using the β-galactosidase from Streptococcus thermophilus. 45 
GOS production in skim milk
7
We performed a detailed analysis of GOS formation in skim milk using Biolactase illustrates the kinetics of GOS synthesis at 40 °C, where the typical pattern with a maximum 10 GOS concentration followed by a progressive disappearance of GOS was observed due to the 11 competition that is established between hydrolysis and transglycosylation (kinetic control).
42,46
12
This is clearly represented in Fig. 7B that shows how the glucose and galactose concentrations 13 tend to converge at the end of the process. Maximum GOS yield (7.1 g/l, 15.4% of the total 14 carbohydrates present in milk) was obtained at 2 h, when the lactose conversion accounted for concentration. As shown, the main peaks were the same as those described using 400 g/l 20 lactose. The main GOS formed was the trisaccharide Gal-β(1→4)-Gal-β(1→4)-Glc (peak 10).
21
The main difference between both experiments (skim milk vs. 400 g/l lactose) was the absence 22 of several minor peaks when milk was the lactose source. 
